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ABSTRACT
Numerical experiments conducted by Fellhauer et al. suggest that a supercluster may capture 
up to about 40 per cent of its mass from the galaxy where it belongs. Nevertheless, in those 
experiments the cluster was created making appear its mass out of nothing, rather than from 
mass already present in the galaxy. Here, we use a thought experiment, plus a few simple 
computations, to show that the difference between the dynamical effects of these two scenarios 
(i.e. mass creation versus mass concentration) is actually very important. We also present the 
results of new numerical experiments, simulating the formation of the cluster through mass 
concentration, that show that trapping depends critically on the process of cluster formation 
and that the amounts of gained mass are substantially smaller than those obtained from 
mass creation. Besides, the criterion used by Fellhauer et al. to decide the membership to the 
supercluster is not adequate, and the use of a more sensible criterion, based on Jacobi’s integral, 
renders a number of captures at least an order of magnitude smaller. All things considered, the 
captures cannot exceed, at most, a few per cent of the mass of the cluster.
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1 INTRODUCTION
Fellhauer, Kroupa & Evans (2006, hereafter FKE06) have recently 
proposed the capture of old stars by massive stellar superclusters 
during their formation process as a possible explanation for the 
different age and metallicity populations found in some clusters 
(e.g. a> Centauri). They used numerical experiments to show that up 
to about 40 per cent of the initial mass of the cluster can be gained 
from stars of the galaxy where the cluster belongs, and they even 
suggest that the captured mass might exceed the mass of the cluster 
in some cases.
One problem with the numerical simulations of FKE06 is that, 
since essentially all the captures take place during the formation 
of the cluster, it is obvious that the formation process itself should 
strongly affect the dynamics of capture and, therefore, it is crucial 
to use an adequate model of the formation process in order to get 
reasonable estimates of the gained mass. Nevertheless, in FKE06 
the clusters are created as Plummer models whose masses increase 
linearly from zero to their final values. In other words, the mass 
of the cluster is created rather than, as it should, taken from mass 
already present in the galaxy. Although they acknowledged that 
problem, FKE06 argued that, since the cluster is much less massive 
than the galaxy, the adjustment of the galaxy potential due to the 
cluster formation is a tiny effect, which is true, but of little relevance 
to the process of capture. Besides, they perform a test using a 
Plummer model of constant mass that starts with a large scalelength 
which is subsequently reduced (i.e. simulating the collapse that 
forms the cluster), obtaining almost exactly the same result as with 
the Plummer model with variable mass. Although this outstanding 
coincidence seems to give strong support to the results of FKE06, 
we will explain below that, in fact, it does not.
Besides, FKE06 took as members of the cluster those particles 
that had negative energy relative to the cluster and were within its 
tidal radius. In the original version of this paper, we had adopted 
without hesitation the same criterion because a similar criterion had 
been used by us in the past for several different investigations [see 
Muzzio 1987 for references to previous works that go back to 1982 
and Bassino, Muzzio & Pérez (1998) for a somewhat more recent 
application of the same criterion]. Nevertheless, the referee asked 
us to check the effect of the tidal effects on that criterion and the 
surprising result was that the effect is actually huge! The only excuse 
for our past peccadillos is that the orbits of the capturing bodies 
investigated at that time were not circular, but, in the present case, 
with circular orbits for the superclusters it is plainly obvious that 
one should use the Jacobi integral (and not the energy with respect 
to the cluster, without centrifugal terms) to decide membership. 
When the membership criterion is based on Jacobi’s integral, the 
number of captures plummets by an order of magnitude, or more.
Here, we will show that, although the trapping effect invoked by 
FKE06 indeed exists, when the supercluster is created from mass 
already present in the galaxy and the membership criterion based 
on Jacobi’s integral is used then the amount of captured mass is 
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negligibly small. The next section presents a thought experiment 
and some computed results to show that the difference between ag­
gregating matter already present and creating matter is absolutely 
crucial for the result of the capture process and, besides, we ex­
plain why the test done by FKE06 does not avoid the problem of 
creating matter from nothing. The third section describes our own 
numerical experiments, using the FKE06 scenario and our own, for 
both membership criteria. Their results are presented in the fourth 
section. The fifth and final section discusses our results.
2 THE DYNAMICAL DIFFERENCE BETWEEN 
CREATING AND CONCENTRATING MASS
Let us consider a spherical galaxy with a cluster being formed at 
its centre, so that we can apply Newton’s theorems for spherical 
systems (see e.g. Binney & Tremaine 2008), and let us further 
assume that, except for the mass related to the cluster formation, 
the rest of the mass of the galaxy keeps its original distribution. If, 
following FKE06, we start with a zero-mass cluster and increase its 
mass up to a final value, all the masses of the system will experience 
an additional central force of an amount depending on the distance 
of the mass to the centre of the system. If, instead, we mimic the 
cluster formation selecting as the primordial cloud a sphere centred 
at the centre of the stellar system, with a radius smaller than that 
of the system, and take from every spherical shell of that sphere a 
certain fraction of its mass and move it to the centre of the system to 
form there the cluster, the result is very different: (1) any mass at a 
radius that places it outside the primordial cloud will experience no 
extra force, because the mass within that radius will be the same; (2) 
the masses within the radius of the primordial cloud will experience 
new radial forces that will be very small near the border of the 
cloud, and increase as we consider masses closer to the centre. Note 
that, as the largest differences between the two cases correspond to 
the largest radii, they also involve the largest volumes within the 
galaxy.
Of course, the parameter relevant to the capture process is not 
the force but the potential: a star will be captured by the cluster if, 
after the cluster formation, the potential at the location of the star is 
reduced by an amount larger than one half of the squared velocity 
of the star; that is, the quantity we should be interested in is the vari­
ation of the potential due to the formation of the cluster. We used 
the force in the previous discussion because, while in a spherically 
symmetric case the force at a certain radius depends only on the 
mass within that radius, the potential depends also on the distribu­
tion of mass outside that radius (see e.g. Binney & Tremaine 2008) 
and that would have complicated the discussion. Nevertheless, if 
we supplement our thought experiment with a few simple computa­
tions, we can use the potential rather than the force for our analysis. 
Let us consider again a spherical galaxy with a cluster being formed 
at its centre - either by creating or concentrating mass - and let us 
assume that, except for the matter used to form the cluster by con­
centration, the density distribution of the galaxy is not altered by 
the formation of the cluster. If the mass of the cluster is created, the 
difference in the potential at a certain point of the galaxy, before 
and after the creation of the cluster, will be independent of that den­
sity distribution. Instead, when the cluster is created taking matter 
from the primordial cloud centred at the centre of the system, the 
potential will not change outside that cloud and its change within 
the cloud will depend only on the density distribution within the 
cloud.
A simple numerical example will illustrate this. Let us consider 
the cluster as a point mass, Mcls = 1, and let us take the gravitational
Figure 1. The potential difference versus radius when the cluster is formed 
by either creating mass or concentrating mass already present within a 
primordial cloud of density inversely proportional to radius for two different 
radii of the cloud.
constant as G = 1. We took the density distribution of the primordial 
cloud as p(r) = Cr:'. where r is the radius and C and y are 
parameters of the distribution (we recall that the density distribution 
beyond the cloud radius, rcld, is irrelevant for this computation); two 
different radii were chosen for the primordial cloud, i.e. rcld = 0.1 
and 0.2. To form the cluster by concentration, we simply reduced 
C by the amount needed to take from the primordial cloud a mass 
equal to Mcis and placed that mass at the centre of the galaxy. Fig. 1 
presents our results: the full line gives the change in the potential 
for the case of mass creation and the dotted and dashed lines give 
the same for the case of mass concentration, respectively, for rcid = 
0.1 and 0.2; here, we adopted y = 1, but the result is very similar 
with y = 0. Now, if we draw a horizontal line at an ordinate equal 
to —0.5r>2, where v is the star’s velocity, the captured stars will 
be those at radii such that the full line (in case of mass creation), 
or the dotted or dashed lines (in case of mass concentration), lie 
below that horizontal line. Thus: (1) there will be captured stars 
beyond r = 0.1, or r = 0.2, in the case of mass creation, but not 
in the case of mass concentration; (2) within r = 0.1, or r = 0.2, 
there will always be more captures in the case of mass creation, and 
the difference with the case of mass concentration will diminish as 
we go to smaller radii, becoming zero only at the centre of the system 
and (3) the smaller the radius of the primordial cloud, the larger is 
the difference between the mass creation and mass concentration 
scenarios. As indicated previously, the difference between the mass 
gain in both cases is smaller for smaller volumes, but we now see 
that in those smaller volumes can be captured stars that move faster 
than those that can be captured in larger volumes, so that there is 
some compensation of the volume effect.
It is now evident that the dynamics of capture will be strongly 
affected by the process of formation of the cluster and that creating 
matter leads to more captures than concentrating it. Nevertheless, 
our thought experiment and simple computations do not allow us 
to go beyond this qualitative conclusion and, to reach quantitative 
results, we need to resort to numerical experiments. However, before 
turning to them, let us analyse why the check performed by FKE06 
attempting to simulate mass concentration, rather than creation, 
offers no check at all.
FKE06 adopt their setup corresponding to a small disc, a heavy 
supercluster and one scalelength distance; then they create a cluster 
with a mass of 107 Mq and a scalelength equal to the disc scale­
length (0.5 kpc) and, finally, they shrink that scale distance to the 
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one of the cluster (25 pc) on a time-scale equal to the crossing time 
of the cluster (3.7 My). The problem is that, again, they create mass 
from nothing. If we assume that the shrinking process is fast enough 
so that the stars of the galaxy change their positions very little during 
that process, it is obvious that, in the end, they would have gained 
essentially the same (negative) potential energy as if the cluster 
had been created instantaneously with the final scalelength. From 
fig. 1 of FKE06, we can estimate the velocity dispersion at one disc 
scalelength radius as about 40 km s for the small disc, i.e. it will 
take an average star about 10 My to traverse the scalelength of the 
original cloud which is an interval long enough, compared to that 
of the scalelength change, to accept that the stars have not moved 
much during the shrinking process. In other words, the coincidence 
of the result of this model with the original one is exactly what one 
could have expected, and it is no proof that the creation of matter 
to build the cluster does not affect the amount of gained mass.
3 DESCRIPTION OF THE NUMERICAL 
EXPERIMENTS
In order to establish a quantitative proof of the above-mentioned 
qualitative discussion, we performed a series of numerical experi­
ments. We first set up a background galaxy in equilibrium composed 
of a disc and an analytic halo, without a bulge. The disc is realized 
using 5 x 106 particles laid down according to the following distri­
bution function:
/d « exp
1
2 (1)
that is, isothermal in the vertical direction with scaleheight z0 
(Spitzer 1942), exponential in the radial direction with scalelength 
R;i and axisymmetric. The velocities are Gaussian, with dispersions 
az, ag and in each direction, respectively, and a mean azimuthal 
velocity Vd(R). The parameters R,[ and zo are input parameters, as 
well as the total mass of the disc Md. From these, the dispersions 
and vd(R) were computed following the recipe of Barnes (1992).
The potential of the halo is given by
<b(r) = v20ln(r2 + R2cf (2) 
that is, a spherical logarithmic potential with asymptotic circular 
velocity x/2r>0 and core radius Rc. Both v0 and Rc are input param­
eters.
We choose units such that the gravitational constant G = 1, Rc =
2.5 and Md = 10. With this choice, we set R;i = 1.5, zo = 0.25 
and r>0 = 2.287. Using the equivalences Md = 1010Mq and Rc =
2.5 kpc, these units correspond to the high-mass galaxy of FKE06, 
although our model differs somewhat from theirs in the velocity 
space, as can be seen comparing Fig. 2 with fig. 1 of FKE06.
Our cluster is built up in two different ways. (1) By letting the 
potential of an analytical Plummer sphere with scalelength bp and 
total mass MP to grow from zero to its maximum strength. The 
growth is achieved by varying Mp linearly with time during an 
interval ip equal to the crossing time of the final Plummer sphere. 
The centre of the potential is put in a circular orbit of radius RP. 
This approach implies assuming that the mass of the cluster is taken 
from outside the galaxy. (2) By letting a fraction of the particles 
inside a sphere of total mass Ms and radius rs move as if, instead 
of their original velocities, they were in free fall with respect to 
the centre of the sphere. The particles are randomly chosen among
Figure 2. Circular velocity (solid line) and three-dimensional velocity dis­
persion (dashed line) of the galaxy, using /V/d = 1010 Mq and Rc = 2.5 kpc.
those inside the radius rs. The total mass of the infalling particles is 
Ms, the mass of the future cluster. This in turn determines the radius 
rs as that which is required for Mpp to be the desired fraction. The 
centre of the sphere is put in a circular orbit of radius Rs. The free 
fall is achieved by adding to the acceleration of the chosen particles 
that of a homogeneous sphere, the density of which is such that the 
free-fall time is a desired value ts. The particles are kept under the 
influence of the added acceleration until they reach a small fiducial 
radius bp¡ with respect to the centre of the sphere, from which point 
they are given the velocity of that centre and freed from the falling. 
After that, if any of those particles leaves the sphere of radius bpp, it 
is forced to fall again. This second approach implies that the mass 
of the cluster is taken from the galaxy itself.
Table 1 shows the parameters used for the different cluster models 
in our experiments. Model names starting with P refer to experi­
ments in which the cluster is simulated through a Plummer sphere; 
names starting with C indicate simulations in which the mass of 
the cluster is concentrated from the environment, i.e. the free-fall 
generated clusters (although these models are not free-fall experi­
ments in a strict sense, we will still call them free-fall models for 
simplicity.).
Model Pl is our basic model: the growing time corresponds to 
the crossing time of the Plummer sphere, the radius of the circular 
orbit equals the scalelength of the disc and the mass of the cluster 
is 1/500 of the mass of the disc. Model Plb is like model Pl but 
has a Plummer’s scalelength equal to the radius of the free-fall final 
sphere. This is to verify whether the difference between bp and bff 
is affecting the comparison between the Plummer and the free-fall 
models. Model Cl has the same mass as model Pl, and the same 
circular orbit. The free-fall time was chosen equal to that of model 
Pl and the free-fall radius bff was chosen 1/100 of the scalelength 
of the disc, comparable to the scalelength of model Pl. The falling 
mass corresponds to a 10 per cent of the mass inside radius rs.
Models P2 and C2 are the same as Pl and Cl, respectively, 
but the radius of the circular orbit is doubled, in order to probe a 
different ambient for the cluster. Models C2b and C2c are identical 
to model C2, but the falling masses correspond to a 5 per cent and a 
20 per cent of the mass inside the sphere of radius rs, respectively. 
These models, which vary only the radius of the sphere from which 
the mass to be concentrated is taken, allow a verification of what 
was said in Section 2 with respect to changing the size of the cloud. 
Models P3 and C3 are also the same as models Pl and Cl, but
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Table 1. Parameters of the models.
Pl 0.025 0.002 0.175 1.5 - - 0.100 ± 0.003 0.0070 ± 0.0004
Plb 0.015 0.002 0.081 1.5 - - 0.102 ± 0.003 0.0085 ± 0.0005
Cl 0.015 0.002 0.175 1.5 0.54 0.10 0.031 ± 0.005 0.0031 ±0.0012
P2 0.025 0.002 0.175 3.0 - - 0.145 ± 0.007 0.0137 ± 0.0004
C2 0.015 0.002 0.175 3.0 0.56 0.10 0.032 ± 0.004 0.0092 ± 0.0008
C2b 0.015 0.002 0.175 3.0 0.77 0.05 0.038 ± 0.006 0.0100 ± 0.0010
C2c 0.015 0.002 0.175 3.0 0.41 0.20 0.027 ± 0.006 0.0087 ±0.0011
P3 0.025 0.001 0.250 1.5 - - 0.053 ± 0.003 0.0029 ± 0.0003
C3 0.015 0.001 0.250 1.5 0.54 0.05 0.013 ± 0.004 0.0008 ± 0.0004
P4 0.025 0.003 0.143 1.5 - - 0.136 ± 0.005 0.0116 ±0.0004
C4 0.015 0.003 0.143 1.5 0.54 0.15 0.026 ± 0.006 0.0055 ± 0.0008
P5 0.025 0.010 0.078 1.5 - - 0.291 ± 0.010 0.0303 ±0.0011
C5 0.015 0.010 0.078 1.5 1.13 0.10 0.222 ± 0.015 0.0186 ± 0.0008
C5b 0.015 0.010 0.078 1.5 0.81 0.20 0.187 ±0.020 0.0164 ± 0.0005
C5c 0.015 0.010 0.078 1.5 0.54 0.50 0.094 ± 0.028 0.0092 ± 0.0007
SI 1.5-0.025 0.002 0.175 1.5 - - 0.098 ± 0.003 0.0099 ± 0.0007
Sib 0.25-0.025 0.002 0.175 1.5 - - 0.099 ± 0.003 0.0103 ± 0.0007
the respective clusters have half the mass, and, correspondingly, 
a larger crossing/free-fall time. Models P4 and C4 have 1.5 times 
the mass of models Pl and Cl, respectively, and a corresponding 
shorter crossing/free-fall time. These four last models were run in 
order to assess how much the results are affected when the mass of 
the cluster is changed.
Model P5 corresponds to a Plummer sphere that grows to a whole 
1 per cent of the mass of the disc. Model C5 is the corresponding 
free-fall experiment, where the mass of the cluster is 10 per cent 
of the mass inside the sphere of radius rs. Models C5b and C5c 
are identical to model C5, but the falling masses correspond to a 
20 per cent and a 50 per cent of the mass inside the sphere of radius 
rs, respectively. Model SI corresponds to a Plummer sphere that is 
born with all its mass, but with an initial scalelength bpy, equal to 
the scalelength of the disc, R,,. This scalelength is shrunk according 
to
1 — exp(r — ip)
fep(r) = (fep.o - fcp.f)-------+ fcp.f 0 < t < rP, (3)
1 - expt-ip)
where i>pjf is the final value of the scalelength, after a time tP equal 
to the crossing time of the final Plummer sphere. This model corre­
sponds to a cluster similar to that of the last numerical experiment 
of FKE06 (by the way, there is probably an error in their equa­
tion 3, since at t = 0 the Plummer radius is not the initial radius). 
Model Sib is similar to model SI but with the initial Plummer ra­
dius reduced to a sixth, in order to probe whether the size of the 
initial radius has any influence in the capture of mass during the 
shrinking stage.
The experiments were run until t = 3, corresponding to almost 
one period of the cluster when put in a circular orbit of radius R,,. 
The code used was a fortran77+mpi version of the parallelized tree 
code of Viturro & Carpintero (2000). It ran in a cluster of twenty- 
four 1.86 GHz processors; each experiment took approximately
10.5 x 24 h of CPU time.
In order to assess which particles were added to a cluster when 
modelled as a Plummer sphere, following FKE06, we computed the 
energy of the particles with respect to the sphere, as well as the tidal 
radius rt of the latter. We then considered as acquired by the cluster 
those particles with both negative energy and position inside rt. In 
order to determine the value of rt for each experiment, we followed 
the working out of Binney & Tremaine (2008, section 8.3.1), but 
replacing the acceleration of a point-mass galaxy by that of our disc 
plus halo system and the acceleration of a point-mass satellite by 
that of our cluster. The resulting equation is
GM^Rp-x) V^Rp-x) GMc(x) 
(Rp — x)2 Rp — x x- 
- GMb(RP) (Rp - x)
R3p = 0,
(4)
where 0 < x < Rp, Mb(r) is the mass of the halo inside distance r 
of its centre, Afc(r) is the mass of the cluster inside distance r of 
its centre and V^r) is the squared circular velocity of the disc at a 
distance r of its centre given by (see e.g. Binney & Tremaine 2008)
Uc2d(r) = 47rGSd«dy2 [Zo(y)^o(y) - A(y)^i(y)], (5) 
where Xd is the surface density of the disc, y = r/(2RA) and Io, 
I\, Kq and K, are modified Bessel functions. The value of x that 
satisfies equation (4) is our tidal radius rt.
We also used the tidal radius as one of the criteria to define mem­
bership in the free-fall models. In these cases, however, we have 
replaced Mc(x) in equation (4) by Mff, that is, the total mass of 
the cluster. This amounts to considering the cluster as a point mass, 
which is a good approximation provided that the free fall has al­
ready finished and that its radius bs is smaller than the computed 
rt - that was the case in all the experiments. The other criterion, 
negative energy, was computed by first finding which particles were 
geometric neighbours of the centre of the free fall with the aid of 
a friend-of-friend algorithm, taking 0.70 of the mean interparticle 
distance of the 90 per cent most bounded disc particles as the fidu­
cial maximum neighbour distance, which sufficed to neatly isolate 
the cluster from its surroundings. We then computed the energy of 
these particles with respect to the set, and discarded those with pos­
itive energy and/or outside the tidal radius. This step - computation 
of the energy and discarding - was repeated with the remaining 
particles until only particles inside the tidal radius and with nega­
tive energy were left; these particles were considered the members 
of the cluster. Also, during the free fall, the list of members was 
considered empty, since the tidal radius along that period is not well 
defined.
Nevertheless, for a supercluster in a circular orbit around the 
galaxy, the membership criterion should not be based on the energy 
of the particles with respect to the cluster, but on the Jacobi integral, 
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i.e. that energy corrected by the tidal effects. In fact, we had used the 
criterion based on the Jacobi integral in a series of papers on orbits 
inside galactic satellites (see e.g. Carpintero, Muzzio & Wachlin 
1999; Muzzio et al. 2001). Therefore, we also decided membership 
with a different criterion requesting, first, that the Jacobi integral 
was negative and, second, that the particle was within the tidal 
radius. The Jacobi integral of each particle was computed adding 
to its energy with respect to the cluster, its potential energy with 
respect to the galaxy and its centrifugal energy; the constant of the 
potential was chosen so that the total potential energy was zero at 
the tidal radius.
4 RESULTS
The last two columns of Table 1 give the mass Ma acquired by the 
cluster in each experiment, as a fraction of the mass of the cluster M? 
or Mff, together with the square roots of their mean square errors: 
the eighth column according to the membership criterion of FKE06 
(i.e. negative energy with respect to the cluster) and the ninth col­
umn according to the Jacobi integral criterion. Since the acquisition 
essentially ends with the formation of the cluster, the captured mass 
fluctuating slightly from that moment on due to particles that come 
in and out, the acquired mass was computed as the mean along the 
period between ip or ts and the final time of integration (i.e. t = 
3). The errors were taken as the corresponding standard deviation 
a. Clearly, all the free-fall models captured considerably less mass 
than the corresponding Plummer models, but this effect pales in 
comparison to that of the membership criteria used: the former re­
duces the number of captures to about one-half or one-third, while 
the latter reduces them by at least an order of magnitude in most 
cases.
We can see that there is no significant difference between models 
Pl and Plb; therefore, the accreted mass does not depend sig­
nificantly on the details of the final scalelength of the Plummer 
sphere. The figures obtained with the Jacobi integral criterion for 
models C5, C5b and C5c clearly follow the trend that we had antic­
ipated in the sense that the larger the initial radius rs the larger the 
amount of mass captured, while for models C2, C2b and C2c the 
trend is the same but not significant because of the larger relative 
errors.
Finally, the trapped mass of the experiments SI and Sib is of the 
same order as in model Pl, i.e. the shrinking of the scalelength of 
the Plummer sphere has little effect on the accumulated mass, as 
could be expected from our discussion of Section 2. Besides, since 
the crossing time of the original cloud is reduced by to one-sixth 
when going from model SI to Sib (from 1.54 units of time to 0.25), 
whereas the shrinking time is held constant (equal to the crossing 
time of the final configuration, 0.175 units of time), a typical galactic 
star can cross almost the entire radius of the cloud in the time that 
cloud reduces its size. Therefore, the assumption of instant collapse, 
adopted in the discussion of Section 2, is not critical.
5 CONCLUSIONS
Our results confirm the finding of FKE06 that, during the formation 
of a supercluster in a dwarf galaxy, some mass can be additionally 
gained from trapped disc stars and that the capture process essen­
tially ends with the formation of the cluster, with virtually no gains 
afterwards; the exceedingly small amount of captures by an already 
formed cluster has been also found by Mieske & Baumgardt (2007).
Nevertheless, while FKE06 do not assign much importance to 
the process of formation of the cluster and simply simulate it with 
a mass that grows linearly with time from zero to its final value, 
we consider that the details of such process are crucial for the 
trapping dynamics. We have shown in Section 2 that, in particular, 
creating the mass of the cluster from nothing originates forces and 
potentials fairly different from those that appear when the cluster 
is formed concentrating matter already present in the galaxy and 
that, as a result, less trapping should be expected from the latter 
scenario. Moreover, the membership criterion used by FKE06 is 
not adequate for cases like those studied where it is plain that, with 
the cluster moving on a circular orbit, it is the Jacobi integral and 
not the energy with respect to the cluster the crucial factor to decide 
the membership.
We performed several numerical simulations similar to those of 
FKE06, where the mass of the cluster is created out of nothing (our 
P models), together with others that only differ from the former in 
that the cluster is formed concentrating mass from the galaxy (our C 
models). In all cases, the mass gained by the C models was smaller 
than that gained by the P models by factors of as large as 2 or 3. 
A much larger difference, however, resulted from the use of the 
membership criterion based on the Jacobi integral which yielded 
more than an order of magnitude less captures than the membership 
criterion based on the energy with respect to the cluster.
The difference in gain depends critically on the size of the pri­
mordial cloud from which the C models get their cluster material: 
the smaller the primordial cloud, the larger the difference in gained 
material. Since in our models the mass taken from the cloud to build 
the cluster is uniformly distributed all over the cloud, the size of the 
cloud correlates inversely with the fraction of mass taken, i.e. the 
larger the fraction of mass the smaller the cloud. Most of our models 
take that fraction between 0.05 and 0.20, i.e. one might assume that 
this is the fraction of gas in the galaxy and that all the gas within a 
certain region (our primordial cloud) collapses to form the cluster. 
As a result, the less massive clusters are formed from smaller re­
gions and for them the differences between the mass creation and 
mass concentration scenarios are the largest. On the other hand, 
our model runs into trouble for the most massive superclusters. To 
create a supercluster with 1/100 of the mass of the galaxy we need 
either to assume an implausibly high fraction of collapsing mass of 
0.50 (model C5c) or, for amore reasonable fraction of 0.10 (C5) or 
0.20 (C5b), to accept that the mass comes from a primordial cloud 
of radius 1.137?d (~1.7 kpc) or 0.81/?d (~1.2 kpc), respectively. 
Now, clouds of such size should be suffering the effect of the dif­
ferential rotation and the tidal forces of the galaxy, making very 
unlikely their collapse to form the supercluster. The formation of 
such a huge supercluster probably proceeds by separate stages, with 
smaller clusters being formed first and later coalescing to create the 
supercluster, so that the amounts of trapping predicted for this case 
by the simple models of FKE06 and ours should be regarded, at 
best, as very doubtful.
Cluster formation is certainly a very complex process with effects 
ignored by the models of FKE06 and ours, such as gas dynamics and 
magnetic fields playing a significant role (see e.g. Stahler & Palla 
2004), and supercluster formation is probably even more complex. 
It is clearly an understatement to say that our models are only a very 
crude representation of the dynamics of this process, but our point 
is precisely that, since the trapping takes place during the cluster 
formation, it is vital to take into account the details of that process to 
correctly evaluate the amount of matter trapped. Crude as they are, 
our models have over those of FKE06 the big advantage that they 
use mass already present in the galaxy in a way that is undoubtedly 
far from how real clusters are formed, but which is certainly closer 
to reality than creating mass from nothing. Moreover, the results 
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of our models confirm what a simple reasoning suggests, i.e. the 
amount of matter trapped in our somewhat more realistic scenario of 
mass concentration is substantially smaller than that which results 
from creating the mass of the cluster out of nothing.
All things considered, excluding our C5 models for the reasons 
given above, it seems likely that the mass captured by the super­
cluster from its surroundings cannot exceed about 1 per cent of its 
own mass.
An even more troublesome result is the more than one order of 
magnitude difference in the captures predicted by the two member­
ship criteria. While the Jacobi integral criterion is clearly the one 
to be used for circular orbits, there is no equivalent criterion for 
non-circular orbits and that is why the energy relative to the cluster 
(without taking into account tidal effects) has been used, even by 
ourselves as indicated in the introduction. In view of our findings, 
the results of the captures obtained with that criterion are now under 
the suspicion of having been grossly overestimated.
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